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Abstract 
The IEA Greenhouse Gas R&D Programme operates the International Research Network on Wellbore Integrity. The 
network has been in operation for 4 years and brings together specialists and experts from research, industry, 
academia and regulators to discuss the latest research and results, while addressing the issues presented by wellbores 
and the near wellbore environment to carbon dioxide capture and storage activities. This poster will share the 
advancements made through the network, and will highlight the focus for the future of the network. 
The network aims to determine the impact and interactions of CO2 on and with the wellbore materials and the extent 
of this impact on the long-term effectiveness and security of geological storage of CO2. The network collates the 
most recent results and knowledge from research and industry and shares this information in order to develop the 
state of knowledge and understanding. The network also aims to provide guidance on the development of policies 
and regulation of the wellbore environment. 
The network has achieved much over its 4 year existence, identifying the main areas likely to pose threats to the 
integrity of long-term storage, and in more recent years, has highlighted the gradual shift from pure laboratory based 
modelling and experimental results, towards a focus on practical field results and the differences and discrepancies 
between the two sets of information. 
The network has helped to identify the aspects of wellbore integrity that post the greatest threats, and this poster will 
identify these in detail, but broadly they can be listed as the problems encountered with high wellbore densities, the 
increased costs involved with the use of CO2 resistant cements and materials against the anticipated benefits, and the 
legacy of historical legislation, and its impact on the abandonment techniques, which didn’t consider future 
requirements for containing injected gasses.  
The ability of old, abandoned wells to resist CO2 ingress and corrosion is an unknown factor due to a combination of 
these issues, and it is thought that these historical well abandonment techniques may not stand up to prolonged 
exposure to high levels of CO2 and could be prone to rapid and destructive degradation of both wellbore cements 
and wellbore casings, giving rise to leakage pathways from storage reservoirs to the surface.  
In addition, the work of the future must analyse the differences found between laboratory experiments and corresponding field 
findings. The design and set-up of combined laboratory / field test sites should go some way to understanding this disparity. The 
collaboration of laboratory, field and multi aspect modeling should highlight areas for further investigation, while helping to 
improve laboratory experimental methodology and modeling accuracy for extended field use. 
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1. Introduction 
The IEA Greenhouse Gas R&D Programme operate several international research networks, including the Wellbore 
Integrity Network. The inaugural meeting of this network was held in Houston in April 2005. It has met four times 
to date.  
The Wellbore Integrity Network was established as a result of discussions during a meeting of the Risk Assessment 
Network, where wellbore integrity was identified as a potential long term risk to the security of CO2 storage. The 
inaugural wellbore integrity meeting was a great success, attracting over 50 industry and research experts from 
around the world. This success ensured the continuance of the network, and a second meeting was held in March 
2006, hosted by Princeton University in New Jersey, USA. Again, this meeting received a good attendance and 
demonstrated that wellbore integrity was a vital issue for the storage community, of growing recognised importance 
and the subject of increasing worldwide research.
The third meeting in March 2007, was hosted by the Los Alamos National Laboratory in Santa Fe, New Mexico. 
This event witnessed a change of emphasis in comparison to the two previous gatherings, with a shift away from 
theoretical considerations towards the results of field and laboratory experiments. 
Schlumberger hosted the fourth meeting of the network in Paris, March 2008, again with a predominant theme of 
field work over laboratory experiments, but also further discussion of laboratory findings varying from field 
experience. More emphasis was placed on the use of laboratory experimentation and theoretical modelling to predict 
long term behaviours in the wellbore environment, and the impact these models may have on regulations. Perhaps 
one of the more notable suggestions coming from the meeting was the concept of bringing together for comparison, 
all well-referenced samples of caprocks, cements and well materials that form the basis of interpretation and 
discussion. 
2. Aims & Objectives of the Network 
The long-term objectives of the network are to: 
• Determine the impact of CO2 interactions with wellbore materials on long term security of geological 
storage; 
• Bring together experts working within CO2 capture and storage (CCS) and CO2-rich geological 
environments; 
• Determine the current level of understanding with regard to wellbore / CO2 interactions; 
• Collect, assess and develop field experience of CO2-wellbore interactions including enhanced oil recovery 
(EOR) sites and natural CO2 reservoirs; 
• Provide recommendations on field monitoring and evaluation methods for wellbore integrity; 
• Evaluate and provide recommendations on remediation methodologies for wellbores; 
• Foster and provide leadership on essential experimental and numerical studies of wellbore performance in 
CO2-rich environments; and 
• Provide guidance on the development of policies and regulations for wellbore performance in CCS. 
This paper summarises the work of the Network, advances in research on wellbore integrity in relation to CCS and 
highlights the areas where further study is needed.  
3. Age, Quantity and Quality of Wells 
There is a range of wellbore integrity issues associated with CCS projects. For saline aquifers, the main issue may 
be that purpose-built injection and monitoring wells require the adoption of best practices to ensure a CO2-resistant 
wellbore system. The fact that there are very few wells in saline aquifers may minimise the potential leakage 
pathways and allow detailed monitoring of well integrity.  
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Where projects are located in depleted oil and gas fields, large numbers of old wells may pose a threat to secure 
storage. For example, there are about 1 million wells in Texas; many of them are up to 100 years old and the precise 
location and abandonment status may not be known. A clear distinction should be made between new, purpose-built 
wells and older ones; and between fields containing a few wells that can be monitored and those with wells too 
numerous for individual monitoring. In these cases, risk assessments would be used to determine the suitability for 
CCS.
Three conditions must be met for leakage to occur: there needs to be a source (injected CO2); a driving force (head 
differential or buoyancy); and a leakage pathway (suspect wellbore). The pathway can take several forms. It may 
result from a poorly cemented or uncemented wellbore system, failure of the casing or failure of the abandonment 
method. Many factors can affect the likelihood of these conditions existing in a wellbore.  
Studies undertaken by the Mineral Management Service and the Alberta Energy and Utilities Board have shown that 
improper completion and subsequent abandonment methods can cause problems if the reservoir is then chosen for 
CCS. Faulty completion practices could lead to the development of sustained casing pressure (SCP) which is a 
build-up of gas within the wellbore system. This could result in CO2 leakage and as such, the occurrence of SCP 
could be monitored as a precursor to potential CO2 leakage. 
Historically, drilling legislation was designed primarily to control drilling and extraction processes. As CCS was not 
considered, long-term containment of buoyant CO2 was not a concern. Wells drilled for CO2 injection and storage 
may have to be subject to more stringent controls regarding methods of completion, and well abandonment 
procedures may need to be enhanced to generate greater confidence in CCS operations. 
4. Understanding the Potential Problems for Wells in CO2 Rich Environments 
New research is improving wellbore performance models but differences remain between the results of laboratory 
based experiments and field observations. In many situations, cements and wellbore systems studied in laboratories 
perform to a lesser degree than those in the field. Resolution of these differences is a vital part of developing high-
confidence models of wellbore performance. The network has identified several contributory factors. They include: 
the availability and flow of water; the initial condition and curing of the cement in both the experiments and field; 
and the quality of well completion. A successful model should account for these differences and provide predictions 
that match both laboratory and field data.
The development of CO2 resistant cements is another consideration. Although they are more expensive than 
standard Portland cements, CO2 resistant cements provide improvements in wellbore integrity and subsequent 
reductions in wellbore failure, both of which are strong arguments for their future utilisation. Further development 
of resistant cements could reduce their costs and facilitate their wider use. 
5. Solving the Wellbore Integrity Issue 
The American Petroleum Institute has compiled two sets of recommended procedures, RP90 and RP65-2 & 3. The 
procedures addresses best practices and methods to manage annular casing pressures within wellbore environments. 
RP90 focuses on the design and installation processes, whereas RP65 addresses well design, remedial practices and 
abandonment issues.  
A second approach is to advocate completion and abandonment procedures for oil and gas wells which are 
consistent with future CCS operations. The requirement for abandonment of cementing entire wellbores, in 
particular, could minimise the risks of degradation and subsequent leakage.  
Field studies can demonstrate the wellbore response to CO2 in analogues such as EOR schemes and natural CO2
reservoirs. The network is working to establish a framework for the oil and gas industry to share data on historical 
wellbore performance. This should enable development of a statistical picture of integrity issues. 
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Field and industry observations can be coupled with on-going experiments on cement-CO2 reactivity that provide 
quantitative measures, such as rates of carbonation and changes in effective permeability. Ultimately, field and 
experimental observations could be integrated in a predictive model to allow calculation of long-term wellbore 
integrity as a function of completion methods and wellbore environment. Such calculations could inform realistic 
risk assessments.  
The network has also identified the need for enhanced monitoring capabilities for wellbore systems. This includes 
more accurate assessment of cements and casings as barriers to fluid flow and the ability to detect leakage behind 
the casing. The network is also seeking more effective and efficient methods of remediation in the event of leakage. 
Figure 1 above demonstrates the most secure method of cased hole abandonment. This is injection of a cement into 
the retainer and application of pressure to squeeze the cement to form a seal at the sand face, perforations and 
wellbore. This ensures that the seals between the various elements of the wellbore are sealed against CO2 ingress as 
effectively and securely as possible, without the wellbore being cemented to the surface. 
Figure 2 illustrates a typical zonal abandonment procedure. Here, a bridge plug is installed and capped with cement. 
However, the seal is comparatively small and reservoir fluids can attack the metal and elastomers, which will lead to 
corrosion. This will eventually cause a leak of injected CO2 to overlying parts of the formation, or the surface.
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6. Joint Network Meeting 
Following the 1st Joint Network Meeting, held in New York, in June 2008, there were some further issues identified 
for the Wellbore Integrity Network to investigate:  
• CO2 leakage into intermediate zones caused by CO2 and brine movement,  
• Differences in initial and end-state permeabilities for cement in wells, 
• The possible use of steel and elastomers and the effect on wellbore integrity, 
• Impacts of the pressure pulse on wells and caprock, 
• The various types of corrosion, and the role and use of corrosion inhibitors. 
In addition, the Joint network Meeting looked at what each of the three storage networks could take from and 
contribute to the other networks. It was discussed at length within the network, and decided that the wellbore 
integrity network would benefit from receiving information on the detection methods and impacts of leakage to 
intermediate zones from the monitoring network, as well as any detailed studies along individual wells. It was felt 
that the risk assessment network could provide guidance on how to move from the study of a few wells to the 
statistical practice of dealing with fields with hundreds or thousands of wells. 
The Joint Network Meeting concluded with a session detailing possible areas for future collaboration and 
prioritisation. The Wellbore network took this as a starting point to plan for the next meeting, and focussed on which 
key issues to tackle at the next meeting. It was determined that the topics for the next meeting will be categorised 
into 6 sections: 
• Overarching wellbore questions,  
• Materials, 
• Modelling, 
• Case studies, 
• Cross network issues, and 
• Logistical issues. 
The overarching questions include defining optimal abandonment practices, the range and type of wells that should 
be studied, what type of demonstration of well performance is necessary, and consideration of the impacts of 
impurities in the injected gas stream. 
The materials discussion will focus around the performance of steels, and its role in well integrity, as well as 
increased in depth discussions regarding chemical sealants and their ability to prevent or reduce formation leaks of 
CO2.
Modelling discussions will cover geomechanical models of well history, such as those performed at Weyburn, 
numerical models of both well kill and well leakage. This will draw largely from the work carried out by Oxand, 
Wertz and Schlumberger. 
It is felt that more emphasis should be placed on the use and analysis of case studies, and a number of projects and 
operators of projects were identified who will be approached to present at future meetings. The movement from 
theoretical issues to developing CCS into a commercial activity will require a greater input from regulators, and 
their views on wellbore integrity, as well as a review of the changes in regulatory systems in different global 
regions. 
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Inputs from other networks have already been touched upon, and the network will strive to achieve this cross 
network collaboration, and provide the requested information to the other networks as required, and the logistical 
issues identified were predominantly related to meeting structure and information dissemination.
7. Focus for the Future 
The focus for ongoing and future research is to address discrepancies and problems that are currently being 
encountered and identified through the IEA network and other research bodies. 
The Network has identified a number of areas of interest that require further work: 
• Discrepancies between laboratory and field research require investigation; if necessary, new laboratory 
experiments should be designed to replicate field conditions better; 
• Test projects in new and existing CO2 field sites should be initiated, to utilise recent advances in knowledge 
and to allow the integration of further technological advances;  
• Complementary field studies should be designed with supporting laboratory tests and modelling 
simulations to allow the matching of theoretical and field data, and to improve confidence in modelling 
techniques;
• Discussions on modelling simulations should be facilitated, for example on the merits of numerical or 
analytical techniques; and 
• Collection and analysis of industrial oil and gas field experience of wellbore integrity should be fostered.
8. Conclusions 
As a result of ongoing research around the world, we have a greater understanding of processes in the wellbore 
environment, and can predict relationships between stored CO2, the wellbore, caprock and formation water. This 
understanding is key to future well design that will enable the safe and secure storage of CO2.
The fourth meeting confirmed the ongoing benefit of the network, reflecting an increased focus on wellbore 
integrity amongst CCS stakeholders as more projects come on line and injection pilots become more prevalent.
3544 T. Aiken / Energy Procedia 1 (2009) 3539–3544
